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Objectives –To assess the use of MNT values to determine the analgesic effect of epidural ropivacaine and to observe the effect of epidural ropivacaine on motor function.
Animals – Eight adult shetland ponies. 
Procedure – MNT values were determined with a pressure algometer at 29 anatomic landmarks during two sessions in which the ponies were injected with either a placebo or ropivacaine in a randomized cross-over design. Higher MNT values corresponded with decreased pressure sensitivity and a possible analgesic effect of ropivacaine. During the sessions neurological examinations were video taped and graded by two observers. The correlation between the two observers was determined as well. 
Results – Significantly increased MNT values were found in the ropivacaine group compared with the control group, especially at one hour after administration. Some ponies showed signs of ataxia after epidural ropivacaine. However they were still able to stand on their hind legs. A significant correlation was found between the ataxia scores of the two observers.


































In multimodal analgesia, different analgesics with different operating mechanisms of action are combined to get a synergistic effect and reduce side effects (Yin and Chung 2001)
The use of epidural techniques would be useful as a component of multimodal analgesia, since surgery and trauma of the hindquarters of the horse are often very painful and analgesics which are used nowadays, such as morfine alone, do not give the desired analgesia. Local anaesthetics may be suitable to use in this epidural technique. It is of great importance that the patient is still able to stand after (postoperative) analgesia. Therefore  a low dose of an afferent-selective local anaesthetic is preferred. Higher dosages of afferent-selective analgesics and lower dosages of non-selective analgesics will block nerve fibres controlling motor function to a greater degree than those involved in pain transmission. A dose which gives enough analgesic effect makes it difficult for the horses to stay on their feet, while a lower dose will give too little analgesia.
It is important to distinguish between caudal analgesia of the perineal region on the one hand, where low dosages are required and the motor blockade is of no importance and the analgesia of the hind legs on the other hand, where higher dosages are required and motor blockade may be of great importance (Tranquilli et al. 2007). Until recently, it was not possible to use epidural analgesia in postoperative analgesia in horses. The motor blockade in the hindquarters of horses could not be prevented and the horses were not able to stand after the use of epidurally administered anaesthetics. In this study we tested the epidural administration of the local anaesthetic ropivacaine  for  analgesic effectiveness and influence on motor function of the hindquarters of the horse. 
Ropivacaine is a long-acting, enantiomerically pure (S-enantiomer) amide local anaesthetic with a high pKa and low lipid solubility, which blocks the nerve fibres involved in pain transmission (Adelta and C fibres) to a greater degree than those controlling motor function (Aalfa fibres). Its effect lasts for four to six hours in both horses and humans (Tranquilli et al. 2007). Therefore it may be a drug that is well-suited for post surgery analgesia of the hindquarters in horses (McClellan and Faulds 2000). 
This experiment is part of the research program “clinical and neurophysiological evaluation of epidural analgesia in the horse.” In former studies another model to investigate the effect of ropivacaine was developed, the so called Spinal Cord Somatosensory Evoked Potentials (SSEP) model. Seven ponies were used to determine whether epidurally derived evoked potentials can be used to reliably assess nociception and antinociception. Later the influence of systemic administered propofol was tested in this model (van Loon et al. 2009).
The current experiment will exist of two parts. In the first part 8 shetland ponies will be under general anaesthesia and with the help of SSEPs the analgesic efficacy of epidurally administered ropivacaine will be investigated. In the second part of the study the effect of epidurally administered ropivacaine on sensory and motor function will be determined with the use of a pressure algometer, measuring mechanical nociceptive threshold (MNT) values. A short neurological examinations will be video taped and graded afterwards for ataxia by two observers as well. Measuring MNT values is a form of reflex-testing, at which there is an afferent and an efferent part which can be influenced. This manuscript will only describe the second part of the experiment.
To investigate the analgesic effectiveness of ropivacaine we used a pressure algometer. Pressure algometry assesses sensitivity to mechanical pressure and uses a calibrated instrument to quantify the pressure applied to an anatomic landmark (Fischer 1987). Since pressure algometry has been described as an objective and animal friendly tool to quantify musculoskeletal pain and evaluate treatment results in both humans and horses, we expected it to be a suitable measure of sensitivity to pressure in the hindlegs of horses after the administration of epidural ropivacaine (Pöntinen 1998; Haussler and Erb 2003; Fischer 1998). The pressure is gradually raised until an avoidance reaction is observed (local muscle fasciculations, lifting a limb, stepping away from the applied pressure or skin twitching). The corresponding value, expressed in kgforce/cm2, is defined as the mechanical nociceptive threshold (MNT). Lower MNT values correspond with increased pressure sensitivity, whereas higher MNT values indicate decreased pressure sensitivity. Pressure algometry has been proven to be repeatable in humans and horses (Pöntinen 1998; Ylinen et al. 2007; Orback and Gale 1989; Fischer 1998; Varcoe-Cocks et al. 2006). 







































Eight Shetland ponies were used to determine the mechanical nociceptive threshold (MNT) values at various anatomic landmarks and motor function of the hind legs after epidural administration of ropivacaine. The experiment was performed with 8 castrated males with a mean age of 11 years (range, 7 to 16 years), and mean body weight of 206 kg (range, 155 to 265 kg). These animals are closely related to the warmblood horse and easy to handle. In the SSEP part of the research program a model which is validated in ponies was used. Therefore we used Shetland ponies in our experiment as well. The animals are owned by the faculty of veterinary medicine at Utrecht and have been used for several studies before. The medical history of the animals was therefore well known. None of them suffered from any kind of illness, including lameness. The ponies were very easy to handle and were acclimatized to the experimental room for five times. They were habituated to the use of a pressure algometer three times, at locations on the back that were not used in the study.

Epidural anaesthesia




Figure 1a & b – Inserting the needle at C1C2 before inserting the epidural catheter. (A) Administration of NaCl or ropivacaine by means of an epidural catheter (Perifix, Braun). (B)

MNT measurements
The ponies were restrained in stocks with a halter and lead rope, with an assistant holding them at the front. To acquire accurate MNT values the ponies had to stand still and stand square. In order to prevent stress from social isolation, there was always one accompanying pony in the experimental room. Both ponies had unlimited access to silage. The area was completely closed, windows were blinded and throughout the whole experiment the radio was turned on, avoiding distraction by noise. 
A pressure algometer (FPK 60, firma Wagner Instruments Inc., Greenwich, Conn., USA.)  with a 1 cm2  rubber plunger tip and a calibrated range from 0 to 30 kg/cm2  was used to determine MNT values (Figure 2a). The landmarks were marked with TIPP-EX® and the pressure was applied by approximately 5 kg/cm2/s with the examiner holding the algometer with two hands, until a local avoidance reaction was observed (Figure 2b). Avoidance reactions included local muscular fasciculations, lifting a limb, stepping away or skin twitching. At the moment a reaction was observed, the applied pressure was stopped immediately and the corresponding value recorded by a third person. The examiner practised before the start of the experiment on randomly selected ponies, which did not participate in the study, to develop a constant rate of pressure application and to get used to the procedure and reaction of the animals. Practising was performed under the supervision of a professional animal physiotherapist.
During the experiment, the person performing the measurements was not aware of recorded MNTs. The algometer automatically recorded the highest pressure applied and was reset to zero after writing down this value. Three successive measurements were performed at the same landmark with an interval of 3 to 4 seconds to assess within-site repeatability. The median of the three recorded values was used as the site-specific MNT value for the individual animal. When the examiner was not sure of the reliability of the measurement, (e.g. the animal was moving before any pressure was applied, or distracted by an external factor) a fourth measurement was performed and the “false” value left out of consideration. A single examiner performed all measurements. Another examiner wrote down the values, without the first examiner seeing them. 
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Figure 2a & b – Pressure algometer, FPK 60, firma Wagner Instruments Inc., Greenwich, Conn., USA. (A) and MNT measurements at a pony restrained in stocks, while the assistant holds him at the front. The examiner uses two hands to hold the pressure algometer. (B)

Anatomic landmarks
MNT values were measured at 29 anatomic locations (Table 1 & Figure 3). These landmarks were chosen on the basis of the ease and consistency of identification and on their potential to show the regional spread of the analgesic effect of ropivacaine. Most of them were situated on the back, because the ponies were easily pushed over due to their relatively small weight. MNT measurements at landmarks situated laterally made them step away before a reliable MNT value was reached. MNT measurements were performed at two structures, bone (n=7) and muscle (n=22). Five landmarks were situated in the dorsal midline on top of a processus spinosus and twenty symmetrical on both sides of the back on the adjacent musculature, to allow for a left-right comparison. The other four landmarks were situated at the tuber coxae and at the m.biceps femoris, again in a symmetrical way. The most cranial landmarks were situated in the thoracic region and the most caudal landmarks in the sacrococcygeal region of the back. All locations were tested in a fixed order from cranial to caudal, beginning at the most cranial processus spinosus and performing the muscular measurements first on the left side and after that on the right side.

Table 1 - Anatomic landmarks used to assess MNT values of ponies.
 
Regions	Landmark No.	Description of anatomic location
High thoracic (HT)	  1 – midline	30 cm cranial to the proccessus spinosus of L6 on the dorsal aspect of the cranial processus spinosus. 
	  2 – medial left	The longissimus muscle, 2 cm lateral to the left of point 1
	  3 – lateral left	The longissimus muscle, 8 cm lateral to the left of point 1
	  4 – medial right	The longissimus muscle, 2 cm lateral to the right of point 1
	  5 – lateral right	The longissimus muscle, 8 cm lateral to the right of point 1
Low thoracic (LT)	  6 – midline	Dorsal aspect of the processus spinosus of the vertebra 15 cm cranial to L6
	  7 – medial left	The longissimus muscle, 2 cm lateral to the left of point 6
	  8 – lateral left	The longissimus muscle, 8 cm lateral to the left of point 6
	  9 – medial right	The longissimus muscle, 2 cm lateral to the right of point 6
	10 – lateral right	The longissimus muscle, 8 cm lateral to the right of point 6
Lumbosacral (LS)	11 – midline	Dorsal aspect of the processus spinosus of L6
	12 – medial left	The longissimus muscle, 2 cm lateral to the left of point 11
	13 – lateral left	The longissimus muscle, 5 cm lateral to the left of point 11
	14 – medial right	The longissimus muscle, 2 cm lateral to the right of point 11
	15 – lateral right	The longissimus muscle, 5 cm lateral to the right of point 11
Midsacral (MS)	16 – midline	Dorsal aspect of the processus spinosus of the vertebra 10 cm caudal to L6
	17 – medial left	The superficial gluteal muscle, 2 cm lateral to the left of point 16
	18 – lateral left	The superficial gluteal muscle, 5 cm lateral to the left of point 16
	19 – medial right	The longissimus muscle, 2 cm lateral to the right of point 16
	20 – lateral right	The longissimus muscle, 5 cm lateral to the right of point 16
Sacrococcygeal (SC)	21 – midline	Dorsal aspect of the processus spinosus of the vertebra 5 cm cranial to C1
	22 – medial left	The biceps femoris muscle, 2 cm lateral to the left of point 21
	23 – lateral left	The biceps femoris muscle, 5 cm lateral to the left to point 21
	24 – medial right	The biceps femoris muscle, 2 cm lateral to the right of point 21
	25 – lateral right	The biceps femoris muscle, 5 cm lateral to the right of point 21
Tuber coxae	26 – left	Lateral aspect of the left tuber coxae, 2 cm ventral of the dorsal edge and 2 cm cranial of the caudal edge of the tuber coxae
	27 – right	Lateral aspect of the right tuber coxae, 2 cm ventral of the dorsal edge and 2 cm cranial of the caudal edge of the tuber coxae
Biceps femoris	28 – left	Caudal aspect of the left biceps femoris muscle, 15 cm lateral to the left of the anus




















Figure 3 –  Picture of anatomic landmarks used to asses MNT values of ponies.

Study design





Table 2 – Scheme of the different actions performed and their point in time.











Directly after MNT measurements at baseline, one hour, four hour and twenty-four hours a short neurological examination was performed that was video taped (Table 2). The ponies had to walk in a straight line, walk a serpentine, walk in a tight circle both ways, rein back and had their tails pulled laterally both directions during walking. The videos were graded afterwards by a European specialist of internal medicine (IW) and a student of veterinary medicine (SB), both unaware of treatment and time after treatment. For these scores a simple descriptive scale (SDS) was used, counting from 0 to 5 (Table 3). Spearmann’s correlation coefficient between the two observers was determined as well.





1	Small gait deficits revealing weakness/neurological signs, only visible at a volt and/or hypotone gait
2	Clear gait deficits revealing weakness/neurological signs, especially visible at a volt and/or irregular/lame at a volt
3	clearly instability and/or irregular/cripple, visible at a straight line and/or pony sits down during movement
4	serious instability with stumbling, flexion of the fetlock joint and almost falling down
5	pony cannot stand on the hind legs 

Data analysis 
To assess sensitization or adaptation to the procedure, the three successive measurements at each location were evaluated for sequential decreases (sensitization), sequential increases (adaptation), equal values or no consistent patterns. This evaluation and the range of the three measurements were recorded. The mean range of all ponies at each location was interpreted as a measure of overall repeatability.  
Left to right and medial to lateral comparisons were performed to determine whether MNT values could be pooled into a combined value. Therefore the landmarks were grouped into the following five regions: high thoracic, low thoracic, lumbosacral, midsacral and sacrococcygeal, all with a midline landmark and a medial and lateral landmark on both sides of the spinal column. MNT values were pooled where possible and values of the ropivacaine group and placebo group were compared at each point in time. 
Because the relatively light ponies were easily pushed over, the baseline MNT values recorded for the tuber coxae and m.biceps femoris were very low and did not increase in later measurements after ropivacaine administration. We questioned the validity of the MNT values in these two regions for this reason. Therefore these data were not analysed. 

Statistical analysis





































































Figure 4 – Mean (±SEM) baseline MNT values of the determined medians in the seven regions. For every region the different landmarks are shown. 

Pooling left and right
After excluding the measurements taken from the tuber coxae and biceps femoris sites, the measurements taken within the five remaining regions were compared for left to right and lateral to medial differences. At all regions, except for the high thoracic region, the left and right MNT values could be pooled into a combined value, because no significant difference between left and right was found. The lateral and medial values could not be pooled into one value.

Percentage change from initial baseline measurements
Significant increases in MNT values were found after ropivacaine administration in comparison with the control group (Figure 5).

Figure 5 – Percentage change from the initial baseline MNT values (100 %) at all anatomic landmarks in the ropivacaine group and control group. 
                                                                                                                                                                              
* Values are significantly (P < 0.05) different between the ropivacaine group and the control group in the specific anatomic landmark.
^ Values are showing a trend towards a significant difference (P > 0.05 < 0.1) between the ropivacaine group and the control group in the specific anatomic landmark.

Significant increases in MNT values of the ropivacaine group compared with the control group were found in four out of five regions: the high thoracic, low thoracic, midsacral and sacrococcygeal region (Table 4).

Table 4 – P-values of the regions where a significant difference in MNT values between the ropivacaine group and placebo group was found.





Some differences between the ropivacaine group and placebo group were not significant. A trend towards significant differences (p < 0.10) was found in three out of five regions: high thoracic, low thoracic and midsacral (Table 5). At the lumbosacral region, where the ropivacaine or placebo was administered, no significant changes or trends were found.  

Table 5 - P-values of the regions where a trend towards a significant difference between the ropivacaine group and placebo group was found.




























































In this experiment MNT values, established by the use of a pressure algometer were used to assess a possible analgesic effect of epidurally administered ropivacaine in ponies. The higher the MNT values measured, the lower the sensitivity at the specific anatomic landmark. Baseline MNT values were substantially lower in the tuber coxae en biceps femoris region, compared with the other regions. These low values were presumably not caused by a higher sensitivity, but by the relatively low weight of the ponies in combination with the location of the landmarks. The ponies were easily pushed over when pressure was applied at the side of their bodies. 
Unlike in other studies no increase in baseline MNT values from cranial to caudal was found (Haussler and Erb 2003; Haussler and Erb 2006; de Heus et al. 2009). In the current experiment, shetland ponies were used instead of horses, who may have different baseline MNT values. A difference between horses and shetland ponies in MNT values would confirm the findings of other studies, where an influence of weight and size on MNT values was found (Haussler and Erb 2006). 
MNT measurements within horses were very consistent, but a great variation in MNT values between individuals was found. This confirmed earlier findings in humans and horses (Pöntinen 1998; Ylinen et al. 2007; Haussler and Erb 2006; de Heus et al. 2009; Vanderweeën et al. 1996). For this reason no absolute reference MNT values were used, but the baseline MNT values for each pony were set at 100%. MNT measurements at later points in time were expressed in percentage change from these baseline MNT values to alow for a good comparison. To limit further variation between individuals, only geldings were used in the current experiment. Previous studies showed that, compared with mares, geldings had higher MNT values.These differences might be explained by hormonal and behavioral diffferences between mares and geldings (Haussler et al. 2007).
The current study showed a mean range of three consecutive measurements of 1.24 kg/cm2 with a range between 0 and 9.2 kg/cm2. The large range of 9.2 kg/cm2 could be caused by sudden movement or distraction of the pony, variations in pressure rate or lack of recognition of the defined end point. Increasing experience of the examiner and further acclimatization of the animals should decrease the range. Repeatability of the three successive MNT measurements was comparable with previous studies (mean range 1.6 kg/cm2  (Sullivan et al. 2008), 1.0 kg/cm2 (Haussler and Erb 2006), 1.3 kg/cm2 (de Heus et al. 2009)). The percentages of sequential decreases (sensitization), sequential increases (adaptation), or equal values or no consistent patterns in three consecutive MNT measurements were similair compared with previous studies as well (Sullivan et al. 2008; de Heus et al. 2009). In the current study 8,48% of the successive measurements sequentially increased, 19,86%  sequentially decreased and 71,66% of the successive measurements had no change or consistent pattern. Other studies reported 20% sequential increase, 13% sequential decrease and 67% no change or consistent pattern (Sullivan et al. 2008) and 17% sequential increase, 14% sequential decrease and 68% no change or consistent pattern (de Heus et al. 2009) (1% could not be analysed in this last study). 
After all data were collected, left and right MNT values in one region were pooled into combined values where possible. Except for the MNT measurements in the high thoracic region, the MNT values in all other regions could be pooled into combined values. An explanation for the significant differences between right and left MNT values in the high thoracic region could be that the avoidance reactions of the ponies were less obvious when measuring in this region. This made recognition of the defined endpoint difficult. When the examiner touched the ponies with the pressure algometer in the high thoracic region, some ponies started skin wrinkling, which made accurate MNT measurements difficult as well. The ponies were a little impatient sometimes and moved their head sideways. This has more influence on MNT measurements in the most cranial region than in other regions (Haussler and Erb 2006; de Heus et al. 2009).
In all regions except for the lumbosacral region, a significant increase in MNT values after the administration of ropivacaine was found, mostly at T1 where the greatest effect of ropivacaine was expected. Lumbosacrally, the tip of the catheter ended and the ropivacaine or placebo was administered. This region may have been irritated by the solutions or relatively high pressure during administration. The irritation might have caused the analgesic effect of ropivacaine to be smaller. The ponies were catheterized epidurally before. This may have caused some fibrosis in the epidural space at the lumbosacral region, which could have influenced the MNT values as well. Furthermore, we tested quite conservative with the non-parametric tests, while the data of the lumbosacral region seems to show some differences (especially lateral and medial). The highest effect was detected at the saccrococcygeal region. In the saccrococcygeal midline, MNT values were significantly increased untill eight hours after administration of ropivacaine. This indicates a negative effect on the sensitivity to mechanical pressure and a possible analgesic effect in these ponies.
The findings in the saccrococcygeal region were confirmed by previous studies (Robinson and Natalini 2002). These studies had found that generally the coccygeal, and the sacral nerves S2 to S5 comprising the pudendal, middle rectal, and caudal rectal are desensitized with epidurally administered local anesthesia. 
For an optimal standarization, a single examiner carried out the measurements in the current study. Although interexaminer repeatability has been reported to be good in humans, further research is needed to confirm this repeatability in horses (Anataconi et al. 1998). In comparison with other studies (Haussler et al. 2007; de Heus et al. 2009), in the current study pressure was applied with a relative slow rate of 5 kg/cm2/s. At higher rates a withdrawal reflex could be masked which would make recognition of the defined endpoint difficult. This is the reason why we have chosen for a lower rate of pressure application. Before the start of the experiment, the examiner practiced on horses that did not participate in the study, to apply a constant rate of pressure. A constant pressure rate is of great importance since higher rates of pressure application are likely to produce higher MNT values (List et al. 1991).
Since pressure algometry is a relatively new technique in equine medicine, enlarging our view of the accuracy and correlation of pressure algometry in comparison with other outcome measures would be useful. Therefore we decided to repeat this study design with the same dose of ropivacaine and placebo, with the use of another outcome measure. The eight ponies will be under general anaesthesia and with the help of SSEPs the analgesic efficacy of ropivacaine will be investigated again. The reliability and accuracy of the SSEP model is well known because of previous research (van Loon et al. 2009). The correlation between these two techniques will be determined afterwards.
After grading the video tapes for ataxia, the highest scores of both observers were seen at T1 in the ropivacaine group, but only one observer had a significant increase at this point in time and the other a trend towards a significant increase. This could be explained by their different backgrounds. One observer was European specialist of internal medicine (IW) and one observer a student of veterinary medicine (SB) with less experience. Observer IW did not see the ponies before grading the video tapes whereas observer SB performed the MNT measurements during the current study. Nonetheless a statistically significant correlation was found between the two observers.
Some ponies showed signs of ataxia at T1 and T4 after ropivacaine was administered. Individual variation in distribution and elimination of ropivacaine may have caused this difference in tolerance. The fact that some ponies showed signs of ataxia means that 0.15 mg/kg ropivacaine is (close to) the highest dose at which the animals are still able to stand on their hind legs. Ataxia was mostly seen at one hour after administration. Later, the ponies that showed some signs of ataxia became more stable. 
In this study design, an analgesic effect of ropivacaine was expected, especially at T1, where the greatest effect of the anaesthetic was expected. After performing pressure algometry a significant increase in MNT values was determined. Most of the significant differences in MNT values were found at T1. This confirms our expectations. In the saccrococcygeal midline MNT values were even significantly increased for at least eight hours. Epidurally administered ropivacaine decreases the sensitivity for mechanical pressure, especially in the caudal regions and probably causes an analgesic effect in the hindquarters of Shetland ponies. Some ponies showed signs of ataxia at T1 and T4, but were still able to stand on their hind legs, which indicates a smaller motor blockade than when using other local anaesthetics such as bupivacaine. 
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